We have investigated the electronic structure of 14 states of the experimentally unknown diatomic molecule chromium carbide, CrC, using standard multireference configuration interaction methods and high quality basis sets. We report potential curves, binding energies, and a number of spectroscopic parameters. The ground state of CrC, X 3 ⌺ − , displays triple-bond character with a binding energy of D e = 89 kcal/ mol and an internuclear separation of r e = 1.63 Å. The first excited state ͑1 5 ⌺ − ͒ lies 9.2 kcal/ mol higher. All the states studied are fairly ionic, featuring an electron transfer of 0.3-0.5e − from the metal atom to the carbon atom.
I. INTRODUCTION
The neutral diatomic chromium carbide molecule, CrC, has not been identified experimentally so far, while theoretical work is very limited and rather conflicting. [1] [2] [3] [4] Table I presents a complete account of the existing theoretical literature. In 1989 Shim and Gingerich 1 reported preliminary results on the 3,5,7,9 ⌺ − states of CrC based on a complete valence configuration interaction ͑CI͒ approach with a Cr͓10s6p1d͔ +C͓4s3p1d͔ basis set, using the molecular orbitals of the 9 ⌺ − state. The ground state was found to be of 9 ⌺ − symmetry, with the excited states following the order 7 ⌺ − Ͻ 5 ⌺ − Ͻ 3 ⌺ − . Three years later the same authors 2 reported complete potential energy curves for the 1, 3, 5, 7, 9 ⌺ − and 5,7 ⌸ states of CrC, based on complete active space selfconsistent field ͑CASSCF͒ calculations with a Cr͓8s7p3d͔ +C͓4s3p1d͔ basis set; see Table I 4 the ground state of CrC was determined to be of 3 ⌺ − symmetry. It is interesting, however, to contrast the DFT binding energies ͑D e ͒ reported in these two works 3, 4 as a function of the empirical functional used. These ranged from 59 ͑UB3LYP͒ to 135.7 ͑LSDA͒ kcal/ mol; see Table I . Obviously, the DFT approach is not the method of choice for molecular systems of the complexity of CrC. Continuing our work of clarifying the bonding behavior of the diatomic metal carbides ͑neutral and cations͒, 5 
II. METHODS
For the Cr atom the 20s15p10d6f4g atomic natural orbital basis set of Bauschlicher 6 and for the C atom the correlation consistent basis of quadruple cardinality 12s6p3d2f1g ͑cc-pVQZ͒ of Dunning 7 were employed, generally contracted to Cr͓7s6p4d3f2g͔ and C͓5s4p3d2f1g͔. This resulted in 139 spherical Gaussian functions.
The active space of our reference wave functions consists of the valence orbitals of both atoms, i.e., ͑4s +3d͒ Cr + ͑2s +2p͒ C . The MOs used in the multireference configuration interaction method ͑MRCI= CASSCF+1+2͒ calculations were obtained from the CASSCF wave function of the 9 ⌺ − state, because of severe convergence problems encountered in obtaining CASSCF functions for almost all the other states studied. The 9 ⌺ − MOs were subsequently used in obtaining MRCI wave functions of the specific state; the engendering MRCI natural orbitals were then employed as the new one-electron basis for the final CI calculations. Thus, we were able to construct "smooth" PECs from infinity to equi-librium suffering, in general, an energy loss of less than 4 mE h . All our MRCI calculations follow the internally contracted technique implemented in the MOLPRO package. 8 In the present work, we have not taken into account core-valence correlation, relativistic effects, and basis set superposition errors ͑BSSE͒. From our recent study on the CrC + system using the same basis sets and methods, 5͑f͒,5͑g͒ it was found that the most important contribution is that of core-valence correlation. In the X 2 ⌬ state of CrC + , these effects increase D e by about 6 kcal/ mol and decrease r e by about 0.01 Å. Relativistic corrections obtained through the Douglas-Kroll approximation for the X 2 ⌬ state of CrC + were not significant, while BSSE corrections reduced its D e value by only 0.4 kcal/ mol.
III. GENERAL MOLECULAR CONSIDERATIONS
To better understand the bonding in the neutral CrC, we begin by briefly discussing the ground electronic structures of MC and MC + starting from Sc + , whose ground state is of 3 ⌸ symmetry.
5͑a͒ Its valence-bond-Lewis ͑vbL͒ diagram
͑1͒
indicates a one-electron bond ͑1/2 ͒, a one-electron bond ͑1/2 ͒, and a regular bond ͑͒. The attachment of another electron to the frame results in a ͑ ,1/2 , ͒ bonding configuration of X 2 ⌸ symmetry for the neutral ScC. 5͑b͒ The ScC molecule is bound by 65.5͑67.0͒ kcal/ mol at the MRCI͑+Q͒ level of theory.
The ground state of the next cation, TiC + , is of 2 ⌺ + symmetry; 5͑a͒ the two atoms interact attractively through a 1/2 bond, and two bonds as is pictured below:
͑2͒
The ground state of the corresponding neutral molecule is realized by adding an electron to the frame and coupling the electron in that orbital into a triplet with the electron in the other orbital, thus generating the X 3 ⌺ + of TiC. and orbital compositions
IV. RESULTS AND DISCUSSION
clearly support the following vbL picture ͓see also Schemes ͑4͒ and ͑5͔͒:
͑6͒
A total of 0.30e − migrate from Cr to C mainly along the frame filling the empty 2p z carbon orbital. The MRCI͑+Q͒ binding energy with respect to the ground state fragments equals 88.8 ͑91.3͒ kcal/ mol at r e = 1.634 ͑1.640͒ Å. From our past experience on the ground state of CrC + , 5͑f͒,5͑g͒ corevalence correlation effects are expected to increase the binding energy as much as 6 kcal/ mol and decrease the bond distance by about 0.01 Å. conform to the following vbL bonding picture:
͑7͒
As in the X 3 ⌺ − state about 0.3e − are transferred from the Cr to the C atom; 0.6e − are moving through the path filling the empty 2p z C orbital, while 0.3e − are moving back from C to Cr via the frame. The 2 ͑ bond͒ and 3 ͓see Scheme ͑7͔͒ orbitals have the following atomic composition:
Part of the 2 3 ⌬ PEC curve is shown in Fig. 1 
In the current state the bond is broken, the bonding being characterized by a 1 / 2 and 2 bonds. A visual description of the bonding is provided by Scheme ͑9͒,
͑9͒
This picture is also in accordance with the Mulliken atomic populations A 1/2 bond is created between the 3d z 2 −2p z orbitals ͓3 Х 0.65͑3d z 2͒ − 0.70͑2p z ͔͒, with a concomitant transfer of about 0.3e − from the metal atom to the empty 2p z carbon orbital. The other electron is primarily located in a 4s4p z 3d z 2 Cr hybrid that is pointing away from the C atom. The ͑1/2 ,2 ͒ bonding is reflected in the larger bond distance ͑1.702 Å͒ and significantly smaller binding energy ͑D e = 61.0 kcal/ mol͒ as contrasted to the genuinely triple bonded states; see Table II .
Breaking a x ͑or y ͒ bond in the 1 5 ⌺ − state generates the 4 7 ⌺ − state. Its CASSCF wave function Obviously, the two atoms interact through a 1 / 2 and a bond, while about 1.5e − are distributed in the frame of the metal. Overall 0.4e − move from the metal to the carbon atom. The MRCI͑+Q͒ binding energy and bond distance are 43.2 ͑47.2͒ kcal/ mol and 1.949 ͑1.935͒ Å.
The rupture of the bond of the 4 7 ⌺ − state, Scheme ͑10͒, leads to the high spin 6 9 ⌺ − state, whose wave function is dominated by the Hartree-Fock configuration States of ⌸ symmetry are generated from the 3 P, M L = ± 1 component of the carbon atom and the 7 S and 5 S terms of Cr. The lowest ⌸ state of CrC correlates to ground state atoms and is of quintet spin symmetry, with the following leading CASSCF configurations and Mulliken atomic distributions: it is deduced that overall about 0.3e − are transferred from the metal atom to the carbon atom. In detail, 0.7e − migrate from the Cr to the C atom via the skeleton, while approximately 0.4e − are moving back through the framework creating a ͑4s4p z ͒ 1.3 hybrid centered on Cr. The emerging bonding diagram
͑14͒
shows a weak 1 / 2 interaction of 10.5 kcal/ mol at r e = 2.128 Å. The MRCI potential energy curve of the 12 9 ⌸ state, Fig. 1 , shows a hump at 5.0 a 0 . This indicates that the interaction from r = ϱ to r =5 a 0 is dominated by the interaction, which is repulsive; decreasing r below 5.0 a 0 the 1/2 ͑one electron͒ interaction takes over resulting in a weak binding interaction. support the bonding diagrams ͑16͒ and ͑17͒.
͑16͒ ͑17͒
In both the states a total of about 0.5e − are transferred from Cr to C mainly through the framework. According to 
V. SUMMARY AND REMARKS
The electronic structure of 14 states of the diatomic CrC have been explored by internally contracted multireference methods coupled with basis sets capable of quantitative accuracy. We report full PECs, energetics, and a number of spectroscopic parameters. The most interesting aspects of the present work are summarized below. 
͑1͒

